
North American Journal of Fisheries Management 15:208-219, 1995 
 © Copyright by the American Fisheries Society 1995 
 
 

Factors Affecting Survival of Kokanees 
Stocked in Lake Pend Oreille, Idaho 

 
VAUGHN L. PARAGAMIAN AND EDWARD C. BOWLES1 

 
Idaho Department of Fish and Game 

2750 Kathleen Avenue, Coeur d'Alene, Idaho 83814, USA 
 

Abstract.-In 1987-1992, stockings of age-0 kokanees Oncorhynchus nerka in Lake Pend Oreille, 
Idaho, were evaluated to determine the contribution of hatchery fish to the age-0 population and 
their postrelease survival to autumn trawling, and to identify factors affecting survival of stocked 
fish.  Fish were stocked at five locations in June or July and sampled with a midwater trawl near 
the end of their first growing season (late August-early September). Postrelease survival of hatchery 
kokanees averaged 23%, differed significantly among years, and ranged from 5 to 43% for indi-
vidual release groups. From 1988 through 1991, survival of fry stocked in July was significantly 
higher than those stocked in June, but we could not detect a difference in survival among stocking 
locations. Survival of hatchery-reared kokanees was correlated with mean total zooplankton density 
during May-October, total zooplankton density at the time of stocking, density of Diaphanosoma 
sp., density of Daphnia spp., and size of Daphnia spp. High densities of zooplankton during 1985-
1992 were associated with rapid development of the metalimnion (by June) and high numbers of 
May and June degree-days. Stocking of kokanees in Lake Pend Oreille did not restore the population 
to historical levels, and hatchery releases may only provide short-term benefits. We recommend 
stocking in July, but June stocking may be appropriate if zooplankton densities are sufficiently 
high to allow good survival of the fish. 

 
Lake Pend Oreille supported the most popular 

fishery for kokanee Oncorhynchus nerka in Idaho 
from the 1940s until the early 1970s (Simpson and 
Wallace 1982). Sport and commercial fisheries 
provided an average annual harvest of 1 million 
kokanees from 1951 to 1965 (Simpson and Wal-
lace 1982). Harvest of kokanees declined from 
1965 to 1985 to a yearly average of less than 
100,000 fish (Bowles et al. 1991). In addition to 
providing an important fishery, kokanees are the 
primary forage for rainbow trout O. mykiss and 
bull trout Salvelinus confluentus in Lake Pend 
Oreille. 

Several factors contributed to the decline of ko-
kanees in Lake Pend Oreille. Water level fluctu-
ations produced by hydropower development and 
flood control have adversely affected spawning 
success and survival of eggs and fry in redds. Al-
beni Falls Dam was completed in 1952 by the U.S. 
Army Corps of Engineers as part of the Bonneville 
Power Administration network (Figure 1). Cabinet 
Gorge Dam on the Clark Fork River, 24 km above 
the lake, was constructed by the Washington Water 
Power Co. (WWP) for power generation. Com-
pletion of this dam in 1952 blocked an important 
kokanee spawning run into the Clark Fork River 
and its tributaries. Declining abundance of koka- 
  

1Present address: Idaho Department of Fish and 
Game, 600 South Walnut, Boise, Idaho 83707, USA. 

nees may have been accelerated by commercial 
fishing.  The establishment of opossum shrimp 
Mysis relicta in Lake Pend Oreille also may have 
affected kokanee adversely (Rieman and Falter 
1981; Bowles et al. 1991). 

Efforts to restore the kokanee fishery began dur-
ing its initial decline.  The Idaho Department of 
Fish and Game (IDFG) restricted kokanee sport 
harvest and terminated the commercial fishery in 
1973. Hatchery production of kokanees for Lake 
Pend Oreille was established in 1974 and helped 
stabilize population numbers. Before 1985, hatch-
eries could provide only 6 million to 8 million 
kokanee fry (about 50 mm) annually for Lake Pend 
Oreille, but research by IDFG personnel indicated 
that releases of up to 20 million fry annually might 
be necessary to restore the fishery to historic har-
vest levels of 750,000 fish per year (Rieman 1981). 
Therefore, Cabinet Gorge Hatchery was built on 
the Clark Fork River to meet these production 
goals. The hatchery, 4 km below Cabinet Gorge 
Dam, was operational by November 1985. 

Stocking to supplement declining kokanee pop-
ulations has become a common but largely un-
tested management tool. Numerous factors influ-
ence the success of stocking programs, including 
habitat, productivity, hatchery capacity and limi-
tations, stock status and productivity, brood 
source, and strategies used for spawning, rearing, 
and releasing fish. The purpose of this investiga- 
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FIGURE 1.-Map of Lake Pend Oreille, Idaho with locations of kokanee stockings. 
 
tion was to evaluate hatchery contributions to the 
age-0 cohort of kokanees in Lake Pend Oreille, to 
determine postrelease survival to near the end of 
the first year of growth, and to assess factors as-
sociated with survival. This evaluation was done 
by releasing kokanees into the lake during June or 
July and sampling the year-class with a midwater 
trawl during late August or early September. Post-
release survival to autumn trawling was expected 
to be a function of number of days at large; our 
central objective was to determine if factors other 
than days at large (e.g., food availability) contrib-
uted to the variability measured in postrelease sur-
vival. If other factors were identified, we antici-
pated that the timing and location of kokanee 
release could be managed to optimize postrelease 
survival. 

Study Area 
Lake Pend Oreille (Figure 1) is the largest lake 

in Idaho; it has a surface area of 38,300 ha, a mean 
depth of 164 m, and a maximum depth of 351 m. 
Mean surface elevation of the lake is 629 m. Cold-
water habitat (area occupied by salmonids) is ap-
proximately 22,600 ha. The Clark Fork River is 
the lake's largest tributary, and outflow from the 
lake forms the Pend Oreille River. 

Pend Oreille is a temperate, oligotrophic lake. 

During May-October, temperatures average ap-
proximately 9°C in the upper 45 m (Rieman 1977; 
Bowles et al. 1991). Thermal stratification typi-
cally occurs from late June to September. Mean 
May-October water transparency, measured with 
Secchi disk, usually ranges from 5 to 11 m (Par-
agamian and Ellis 1994). Operation of Albeni Falls 
Dam on the Pend Oreille River keeps the lake level 
stable at 628.4 m during July-September and re-
duces lake level to about 625.3 m during Novem-
ber-March. 

Methods 
Our methods focused on (1) estimating abun-

dance and survival of age-0 kokanees released ac-
cording to seven spatially and temporally differ-
entiated stocking strategies, and determining their 
contributions to the population of age-0 kokanees 
in Lake Pend Oreille; (2) recognizing spatial and 
temporal distributions of zooplankton in the lake; 
(3) measuring water temperature and determining 
the timing and extent of thermal stratification; and 
(4) identifying stocking strategies conducive to in-
creased postrelease survival to autumn. 
 
Kokanee Releases 

During 1987-1992, we evaluated seven release 
strategies involving five release locations and two
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TABLE 1.-Location, stocking chronology, number re-
leased, and mean total length (TL) of age-0 kokanees 
stocked into Lake Pend Oreille, Idaho, 1987-1992. 

 
   Fish stocked  
 Release  Stocking   Mean TL 
site, year date Number (mm) 
Clark Fork River    
 1988 Jun 15 3,141,000 51 
 1989 Jun 21 3,513,000 46 
 1990 Jun 21 3,400,000 50 
 1991 Jun 26 2,610,000 49 
Clark Fork River  
 1987  Jul 22-27 3,013,700 52 
 1988  Jul 11-14 1,297,000 48 
 1989  Jul 17-19 984,000 49 

1992 Jul 7 1,123,600 55 
Open water, north  

1988  Jun 27 1,607,000 46 
 1989 Jun 29 1,256,000 46 
Open water, south  
 1988  Jul 26 1,570,000 51 
 1989 Jul 26 1,428,000 56 
Sullivan Springs  
 1987  Jul 7-29 2,847,300 52 
 1988  Jul 11-14 5,139,000 49 
 1989  Jul 11-13 3,538,000 51 
 1990  Jul 10-12 3,200,000 50 
 1991  Jul 9-10 2,570,000 50 
 1992 Jul 14-15 3,440,000 60 
South shoreline 
 1989  Jul 27-28 1,024,000 55 

1990 Jul 24-25 1,100,000 50 
Garfield Bay 
 1992 Jun 30 970,440 51 

 
 
release times (Table 1). Each year 5.0 million to 
13.0 million kokanees, ranging from 46 to 60 mm 
in mean total length (TL), were released early 
(June) or late (July). All hatchery fish were pro-
geny of adults from Lake Pend Oreille captured at 
tributary trapping facilities, primarily at Sullivan 
Springs, a tributary of Granite Creek (Figure 1). 
Effectiveness of each release strategy was evalu-
ated by trawling in late August or early September. 

Clark Fork River.-Some 1.0 million to 4.7 mil-
lion age-0 kokanees were released each year into 
the Clark Fork River to establish a spawning run 
to Cabinet Gorge Fish Hatchery (Table 1). With 
the aid of nets and electrofishing, we estimated 
travel time and speed for kokanees to reach the 
mouth of the river after each release from the 
hatchery, except in 1990. 

In June 1988-1991, 2.6 million to 3.5 million 
kokanees averaging 46-51 mm TL were released 
at 2030 hours through the Cabinet Gorge Hatchery 
fish ladder into Clark Fork River (Table 1). Re-
leases were scheduled to coincide with maximum 
nonspill discharge (approximately 800 m3/s) from 
Cabinet Gorge Dam. This maximized flushing ve- 

TABLE 2.-Clark Fork River discharges during June and 
July kokanee releases from the Cabinet Gorge fish hatch-
ery, 1987-1992, and speeds of fish travel to Lake Pend 
Oreille. 
 
   Discharge (m3/s)  
    Mean  
    over 3 h Travel 
  Release  at release speed 
 Year group 24-h range (m3/s) (km/h) 
1987 Jul 99-694 569 5.0 
1988a Jun 100-920 809  
1989a Jun 900-1,842 1,024 7.3 
1990 Jun 1,480-1,842 1,842 7.0 
1991 Jun 99-1,984 1,984  
1992 Jul 91-652 634 6.1 
a Fish released in July were barged down the Clark Fork River. 
 
locities without creating gas supersaturation prob-
lems. These flows were provided by spring snow-
melt and regulated by WWP at the dam; in 1990 
and 1991, however, spring flows far exceeded the 
targeted flow (Table 2). 

In July 1987-1989 and 1992, 1.0 million to 3.0 
million kokanees averaging 46-55 mm TL were 
released. They were barged down the Clark Fork 
River in 1988 and 1989 and released through the 
hatchery ladder in 1987 and 1992 (Table 1). Barg-
ing was used in an attempt to avoid predation by 
northern squawfish Ptychocheilus oregonensis dur-
ing kokanee emigration. Barged kokanees were re-
leased during daytime into Lake Pend Oreille 100 
m beyond the mouth of the river. Approximately 
2 h was required for each trip of a 8.5-m pontoon 
barge equipped with two circular tanks that carried 
8.8 m3 of water each. The tanks were aerated and 
plumbed to provide circulating river water; each 
tank could contain 18 kg/m3 of kokanees. 

Open water.--We released approximately 3.2 
million kokanees during the daytime in 1988 and 
2.7 million in 1989 to evaluate open-water release 
strategies (Table 1). We hypothesized that open-
water releases would allow hatchery kokanees to 
avoid shoreline predators and be in immediate con-
tact with zooplankton forage. Release strategies 
included June releases into a northern section of 
Lake Pend Oreille and July releases into a southern 
section. The June release occurred before thermal 
stratification. Hatchery kokanees were loaded (208 
kg/m3) into fish transport trucks, driven onto flat-
bed construction barges, and released in open wa-
ter approximately 2 km from the nearest shoreline. 

Sullivan Springs.--In July 1987-1992, 2.6 mil-
lion to 5.1 million kokanees averaging 49-60 mm 
TL were transported (55-59 kg/m3) by truck from 
Cabinet Gorge Hatchery to Sullivan Springs Creek 
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(Table 1). These releases occurred during daylight. 
One purpose of this release was to ensure contin-
ued adult returns to the hatchery spawning station 
on this spring-fed tributary. 

South shoreline.--About 1 million kokanees 
were stocked along the southern shoreline in July 
1989 and 1990 (Table 1). Fish length averaged 55 
mm in 1989 and 50 mm in 1990. Kokanees were 
transported (50-74 kg/m3) by truck to Farragut State 
Park and released at dusk. 

Garfield Bay.--We stocked fish in Garfield Bay 
in 1992 to test if a nutrient-rich, warmwater em-
bayment (Rieman 1977) would benefit kokanee 
survival. Kokanees were transported in hatchery 
trucks at about 55 kg/m3. We released about 1 
million kokanees, averaging 51 mm TL, from the 
dock of a marina at 2030 hours (Table 1). Because 
the end-June release date did not match the June 
or July stocking times elsewhere and because Gar-
field Bay is a unique environment, these fish were 
not used in analyses of stocking time and survival. 

 
Abundance of Age-0 Kokanees 

We determined abundance of age-0 kokanees in 
Lake Pend Oreille by collecting fish with a mid-
water trawl during the last week of August or first 
week of September (autumn) each year. We 
trawled at night during the new moon to optimize 
capture efficiency. The net was 13.7 m long and 
had a 3-m X 3-m mouth and stretched mesh sizes 
graduating from 32, 25, 19, and 13 mm in the body 
of the net to 6 mm in the cod end. We towed the 
trawl at 1.5 m/s at depths calibrated with a depth 
sounder. Each oblique haul sampled the entire ver-
tical distribution of kokanees, as determined from 
echograms produced by a Ross 200-angstrom 
depth sounder with two hull-mounted transducers 
(22° and 8° beam angles). The vertical distribution 
of kokanees was divided into 3.5-m layers; usually 
three to seven layers were adequate. A standard 
3.5-min tow was made in each layer, sampling 
2,835 m3 of water over a distance of 315 m. Total 
volume of water sampled for each trawl haul varied 
from 8,496 to 19,824 m3, depending on the vertical 
distribution of kokanees. 

We used a stratified systematic sampling design 
to estimate kokanee abundance and density. We 
divided Lake Pend Oreille into six strata. The area 
of each stratum was calculated for the 91.5-m con-
tour; however, the area of the northernmost stratum 
was calculated for the 36.6-m contour because of 
shallower water. The 91.5-m contour was used be-
cause it defines the pelagic area of the lake where 
kokanees are found during late summer. Six tran- 

sects were systematically selected within each 
stratum and one haul (sample) was made along 
each transect. Total sample was 36 hauls/year. 

Fish numbers per transect (haul) were divided 
by transect volume, and the age-specific and total 
numbers of kokanees in each stratum and in the 
lake were calculated with standard expansion for-
mulae for stratified sampling designs (Scheaffer et 
al. 1979). Kokanee population estimates (total and 
by stratum) were divided by respective lake sur-
face areas to calculate kokanee densities (number/ 
ha) for each age-class. 
 
Survival of Stocked Age-0 Kokanees 

 
Survival of age-0, hatchery-reared kokanees 

was determined from population estimates of in-
dividual release groups and calculated as a pro-
portion of the number of fish released. Hatchery 
groups were differentiated from wild fish and from 
each other by a combination of diet-induced ox-
ytetracycline marks, date-of-release marks, and 
daily growth increments on sagitta otoliths. Age-0 
hatchery kokanees released into the lake devel-
oped distinct release marks on their otoliths, which 
differentiated them from wild fish (Paragamian et al. 
1992). 
 
Sampling Zooplankton 

 
We sampled the zooplankton community in 

northern, central, and southern sections of Lake 
Pend Oreille starting 2 years before the stocking 
evaluation. Five systematic samples were collected 
monthly from each stratum during May-October 
1985-1992. Samples were also collected from the 
delta area of the Clark Fork River in 1985-1989 
and from Garfield Bay in 1992. We collected sam-
ples with a 0.5-m-diameter ring plankton sampler 
equipped with a 130-µm-mesh net and bucket and 
calibrated by a Kahl Scientific flowmeter. Vertical 
hauls from 27.4-m depths to the surface were made 
by raising the sampler approximately 0.5 m/s with 
an electric winch. The samples were diluted and 
subsampled by standard methods (Edmondson and 
Winberg 1971) and zooplankters were counted by 
genus. Counts were standardized by volume of wa-
ter filtered to determine zooplankton densities. 
Zooplankters were measured at 100X magnifica-
tion, and mean lengths were calculated for each 
month and lake stratum for 1985-1990 and 1992. 
We used analysis of variance (ANOVA) to com-
pare zooplankton densities both spatially and tem-
porally. 
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TABLE 3.--Autumn abundances of age-0 kokanees 
stocked in Lake Pend Oreille, calculated from trawl catch-
es (CI is confidence interval), and estimated survival as 
percentages of the fish stocked. 
 
 Autumn 
  population   

   size   Survival 
      90%  SE 
   Total    CI  (% 
   stocked  Trawl   (% of  of 
Brood  Year  (mil-  total   esti- Esti- esti- 
year  stocked  lions)  catch Estimate mate) mate mate) 

1986 1987 5.86 107 797,661 15.8 13.6 2 
1987 1988 13.13 485 3,682,216 10.9 28.7 3 
1988 1989 11.74 289 2,246,064 15.0 19.1 3 
1989 1990 7.70 209 1,562,451 11.9 20.0 5 
1990 1991 5.18 137 1,052,029 23.6 20.7 5 
1991 1992 5.47 278 2,125,261 17.1 38.5 7 

  
Temperature 

 
Water temperature was measured monthly from 

May through November, 1985-1992, at one site in 
the southern section of the lake. Technicians mea-
sured temperatures with a probe from the surface 
to 60-m depths at 1-m intervals for the first 5 m, 
and at 5-m intervals thereafter. When a dramatic 
change in temperature was noticed within a 5-m 
depth interval, frequency of measurement was in-
creased to 1-m intervals. Mean daily air temper-
atures were obtained from the Idaho Department 
of Agriculture. Daily and monthly minimum and 
maximum means of air temperature at Bayview, 
Idaho, were used to calculate degree-days for 
1985-1992. 
 
Survival Relationships 

 
We used simple regression analysis to describe 

relationships between postrelease survival of 
age-0 kokanees and release strategies, mean total 
zooplankton, zooplankton body lengths, zooplank-
ton densities (total and by genus), and lake tem-
peratures. We used multiple-regression analysis to 
determine if survival was affected by days at large 
and total zooplankton densities at release. Re-
gression and ANOVA techniques were used to re-
late and compare air temperature (in degree-days) 
and thermal stratification to zooplankton density. 
We used repeated-measures ANOVA to compare 
mean postrelease survival between June and July 
releases and among the five release locations, and 
we used Tukey's studentized test to determine dif-
ferences between individual means. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 2.-Estimated abundances of wild and hatch-

ery age-0 kokanees in Lake Pend Oreille, 1987-1992. 
 
 

Results 
 
Age-D Kokanee Abundance and Distribution 
 

Our trawl catches of age-0 hatchery kokanees 
ranged from 107 fish in 1987 to 485 in 1988 (Table 
3). Estimated abundances ranged from 35/ha in 
1987 to 163/ha in 1988. Contribution of hatchery 
age-0 kokanees ranged from 0.80 million in 1987 
(22% of total) to 3.7 million in 1988 (51% of total); 
the greatest proportional contribution by hatchery 
fish was 59% in 1991 (Figure 2). The contribution 
of wild age-0 kokanees ranged from 0.7 million 
in 1991 to 3.6 million in 1988 (Figure 2). 

We found hatchery kokanees were more uni-
formly distributed throughout the lake than wild 
fish. However, highest densities were near release 
sites. For example, kokanees released on the south-
ern shoreline were most common at the southern 
end of the lake, fish released into the Clark Fork 
River were most common at the north end of the 
lake, and fish released at Sullivan Springs were 
associated with the central portion of the lake. In 
general, the longer hatchery kokanees were in the 
lake before trawling occurred, the farther they dis-
persed from the release site. Wild kokanees were 
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TABLE 4 .-Autumn abundances and survival  of  age-0 kokanees s tocked in  Lake Pend Orei l le ,  by re lease  group (CI  

is  confidence  interval ;  ND means no  data) .  
 
      Survival 
   Trawl Autumn     
  Stocking total population  90% CI 
Stocking site Year period catch size Estimate (% of estimate) 
 
Clark Fork River 1988 Jun  116 921,781 27 4 
 1989 Jun  81 632,340 18 4 
 1990 Jun  62 510,000 15 3 
 1991 Jun  61 477,630 18 4 
Clark Fork River 1987 Jul  ND 292,329 10 
 1988 Jul  50 376,130 29 5 
 1989 Jul  19 147,600 16 5 
 1992 Jul  43 364,384 32 9 
Open water, north 1988 Jun  38 353,540 22 6 
 1989 Jun  7 62,800 5 2 
Open water, south 1988 Jul  82 565,200 36 4 
 1989 Jul  51 357,000 25 5 
Sullivan Springs 1987 Jul  ND 512,514 18 
 1988 Jul  198 1,490,310 29 4 
 1989 Jul  102 742,980 21 3 
 1990 Jul  99 742,402 23 3 
 1991 Jul  78 593,626 23 5 
 1992 Jul  179 1,319,135 38 7 
South shoreline 1989 Jul  39 276,480 27 9 
 1990 Jul  48 308,000 28 4 
Garfield Bay 1992 Juna  56 412,875 43 6 
a End-June date was intermediate between other June and July stocking dates. 
 
 
found in greater abundance in the southern portion 
of the lake. 
 
Postrelease Survival 

 
Survival of hatchery-reared kokanees from time 

of release in June or July to sampling in late Au-
gust or early September averaged 23% for 1987-
1992 and ranged from 14% in 1987 to 39% in 1992 
(Table 3). Survival estimates for 1988 and 1992 
were similar and significantly higher (P < 0.05) 
than in other years. Survival of age-0 kokanees by 
release group ranged from 5% for a June 1989 
open-water release to 38% for a July 1992 release 
at Sullivan Springs (Table 4). The highest survival 
was 43% for the unique release in Garfield Bay 
(Table 4). 
 
Emigration 

 
Kokanees emigrating from Cabinet Gorge 

Hatchery down the Clark Fork River reached the 
lake in 3-5 h. About 98% of the surviving ko-
kanees reached the lake during the first night after 
release at about 2030 hours; the remainder reached 
there the second night. Average travel speeds 
ranged from about 5.0 km/h in 1987 to 7.3 km/h 
in 1989 and generally increased with increasing 
discharge (Table 2). 

Zooplankton Community 
 
Our net sampled six genera in the zooplankton 

community of Lake Pend Oreille: Cyclops, Diap-
tomus, Epischura, Bosmina, Daphnia, and 
Diaphanosoma. Mean annual (May-October) zoo-
plankton densities ranged from 12 organisms/L in 
1991 to 25/L in 1992 (Table 5). Average monthly 
zooplankton density ranged from 7 organisms/L in 
May to 28/L in August (Figure 3). Copepods were 
more abundant than cladocerans throughout the 
study. The copepods Cyclops and Diaptomus were 
the most abundant zooplankters. Epischura was the 
least abundant copepod during our study, aver-
aging 0.2/L. Cladocerans were extremely uncom-
mon except in August, when they were found in 
most samples and in all the samples from Garfield 
Bay. Daphnia was the most abundant cladoceran 
followed by Bosmina and Diaphanosoma. 

We found total zooplankton densities to be sta-
tistically similar (P > 0.10) among northern, 
southern, and central sections of Lake Pend 
Oreille. In general, zooplankton densities in the 
Clark Fork River delta were significantly lower (P 
< 0.10) than in the rest of the lake, but Bosmina 
and Daphnia densities were significantly higher 
near the delta than elsewhere. In Garfield Bay, 
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    Table  5 .  - -  Mean midday densi t ies  of  c ladocerans  and  copepods (number/L above depths  of  27.4  m) in  Lake Pend  
Orei l le ,  Idaho.   Samples  were col lected  during May-October  1985-1992;  s tandard deviat ions  are  in  parentheses .  
 
     Cladocerans    

  
                  Copepods 

Year Bosmina Daphnia Diaphanosoma Cyclops Epischura Diaptomus Alla

1985  0.37 0.38 0.07 9.12 0.04 6.26 19.30 
 (0.74) (0.57) (0.14) (6.97) (0.10) (3.20) (11.64)
        
1986  0.03 1.27 0.01 6.73 0.01 5.09 13.13 
 (0.06) (2.61) (0.04) (4.19) (0.02) (3.45) (8.66)
        
1987  0.59 1.08 0.04 8.87 0.04 4.36 15.04 
 (0.76) (1.57) (0.08) (5.19) (0.09) (2.32) (7.18)
        
1988  0.15 0.70 0.17 13.23 0.02 7.46 21.72 
 (0.27) (1.51) (0.39) (8.13) (0.03) (4.86) (12.75)
        
1989  0.99 0.71 0.34 11.09 0.02 7.45 20.59 
 (2.77) (1.58) (0.76) (8.74) (0.03) (4.43) (12.19)
        
1990  0.27 0.32 0.12 9.17 0.03 8.06 17.99 
 (0.34) (0.54) (0.29) (6.36) (0.05) (5.62) (11.48)
        
1991  0.19 0.35 0.07 6.71 0.02 5.63 12.11 
 (0.59) (0.74) (0.19) (10.44) (0.03) (4.15) (7.31)
        
1992  0.08 1.05 0.13 14.81 0.01 9.24 25.17 
  (0.26) (2.23) (0.29) (9.27) (0.02) (7.59) (16.23) 
a Calculated independently as the total of all genera. 
 
cladocerans were sampled earlier and were more 
abundant at that time than in other sections of the 
lake, but total zooplankton densities were lower. 

The largest zooplankton in Lake Pend Oreille 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 3.--Temporal distribution of copepod and cla-

doceran densities in Lake Pend Oreille, May-October 
1985-1992. 

during this study was Epischura, which averaged 
1.90 mm. Daphnia thorata averaged 1.16 mm, 
Daphnia galeata 1.01 mm, Diaphanosoma 0.94 
mm, Diaptomus 0.85 mm, Cyclops 0.72 mm, and 
Bosmina 0.37 mm. The largest daphnias sampled 
during this study were in Garfield Bay in 1992. 
 
Water Temperature 

Surface water temperatures of Lake Pend Oreille 
ranged from about 6°C in May to 21°C in August 
during 1985-1992. Thermal stratification usually 
began in July and extended into October. In 1988, 
1992, and (to a lesser extent) 1987, thermal strat-
ification began in June. The most rapid thermal 
stratification occurred in 1992. The slowest rate of 
stratification occurred in 1989 and stratification 
broke down quickly. At peak stratification in Au-
gust or September, the metalimnion began at 
depths ranging from 12 to 15 m, and epilimnetic 
water temperatures averaged 16-19°C. 
 
Survival Factors 
Days in Lake Pend Oreille.--We found a weak 
association (Figure 4) between survival of stocked 
kokanees and days at large (number of days from 
release to autumn trawling) in 1988 (r2 = 0.61, N 
=5, P = 0.12) and in1989 (r2  = 0.44, N = 6, P 
= 0.15). Because there were only two or three 
releases in each of the other years, we were unable 
to evaluate within-year survival statistically. 
When we pooled all of the years we could not
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FIGURE 4.--Survival  of  age-0 hatchery kokanees in Lake Pend Oreil le versus days at  large (release date to autumn 

trawling).  Regression l ines  have been f i t ted  to  1988 and 1989 data ,  t rend l ines  to  the 1987 and 1990-1992 data.  
Zooplankton  densi t ies  were h ighest  in  1988 and 1992.  
 
 
detect a statistical relation between days at large 
and survival (r2 < 0.01, P = 0.71). When data 
from 1988 and 1989 were fitted with a regression 
line and the remaining years with trend lines, the 
years of highest fish survival (1988, 1992) were 
also the years of highest zooplankton density (Fig-
ure 4). 

Stocking time and location.--We used 1988-
1991 data to assess the effect of stocking time on 
survival, these being the only years with both June 
and July releases. Fish released in July had sig-
nificantly higher survival (P < 0.02) than those 
released in June; average survival was 26% for 
July releases and 17% for June releases. We could 
not detect a difference in survival between stock-
ing sites (P > 0.71) for 1988-1991. However, the 
power of our study design was limited because a 
shortage of fish prevented adequate replicate 
stocking after 1989. 

Temperature and zooplankton relationships.--
We found air temperature (degree-days) to be 
closely related to stratification of Lake Pend 
Oreille, but we were unable to detect strong re-
lationships between air temperature or lake strat-
ification and zooplankton density. Greatest depth 
achieved by the epilimnion was significantly re-
lated to May and June degree-days (r2 = 0.41, P 
= 0.09). The best air temperature predictor of 
May-October zooplankton density was the sum of 
May and June degree-days; it resulted in a positive 

relationship but was not significantly related to 
total zooplankton density (r2 = 0.35, P = 0.12). 

Zooplankton and kokanee survival.--Several re-
lations between postrelease survival of age-0 ko-
kanees and zooplankton density were identified. 
Survival of the combined release of all age-0 ko-
kanees each year was significantly correlated with 
yearly mean total zooplankton density (r2 = 0.65, 
P = 0.05) and with total mean zooplankton density 
during the approximate time of release (r2 = 0.29, 
P = 0.01; Figure 5). 

We detected significant contributions of 
Diaphanosoma abundance (r2 = 0.33, P = 0.05) 
and Daphnia abundance (r2 = 0.20, P = 0.10) to 
survival of stocked kokanees. Diaphanosoma and 
Daphnia were seldom found in plankton samples 
before July, but were present during July kokanee 
releases. Survival of age-0 kokanees was also sig-
nificantly related to mean body length of Daphnia 
(r2 = 0.69, P = 0.01; Figure 5), although Daphnia 
body length was highly correlated with Daphnia 
density (r2 = 0.75, P = 0.03). We could not detect 
a statistical relationship between survival of age-0 
kokanees and mean lengths of other zooplankton 
genera. 

Zooplankzon, release time, and survival of 
kokanees.--We divided kokanee stockings into June 
(early) and July (late) releases and ranked zoo-
plankton densities within each subset (Figure 6). 
Survival increased as total zooplankton density in- 
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FIGURE 5.-Regressions of age-0 hatchery kokanee survival (all release groups) on (A) total zooplankton density during month of release, 

1987-1992, and (B) mean length of Daphnia at each site (when present) in month of release, 1987-1992. 
 
 
creased (r2 = 0.62, P < 0.01; ANOVA, F = 13.10, 
df = 1, 9). The two 1989 release groups (July Clark 
Fork River and June open water releases) had un-
expectedly low survival (Table 4), but these results 
did not deny the overall trend. 

July releases coincided with higher densities of 
zooplankton (Figure 3). Kokanees stocked in June 
appeared to survive well when total zooplankton 
densities were at least 24/L, as they were in 1988 
(Figure 6). 

Zooplankton, days at large, and survival of 
kokanees.--We used stepwise multiple-regression 
analysis to test the hypothesis that survival was 
related both to timing of the release, measured as 

the number of days at large, and to the total zoo-
plankton density at the time of release. We con-
firmed that zooplankton density made a major con-
tribution, whereas days at large made only a minor 
contribution. Total zooplankton, entered first in the 
regression, provided a significant correlation (P < 
0.01) and accounted for 45% of the variation in 
kokanee survival. The addition of days at large to 
the model explained an additional 4% of the vari-
ation (R2 = 0.49, P < 0.01). When days at large 
alone was regressed on survival, we could not de-
tect a significant correlation (r2 = 0.01, P = 0.71). 

To test the relationship for an individual release 
strategy, we repeated the analysis with Sullivan

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.--Total  zooplankton densit ies ranked from highest  to lowest ( left  to right) during June (early) and July 

(late) releases of  age-0 kokanees,  and average survival for each temporal release of  kokanees,  1987-1992.
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Springs data, which represent the most consistent 
release numbers and times. Again, we found a sig-
nificant relationship between kokanee survival and 
total zooplankton density (r2 = 0.61, P = 0.07), but 
addition of days at large to the multiple-re-
gression model did not improve this relation. 

 
Discussion 

Hatchery Contributions 
We believe that releases from Cabinet Gorge 

Hatchery have enhanced the abundance of age-0 
kokanees in Lake Pend Oreille. During 1978-
1986, before Cabinet Gorge Hatchery was capable 
of full production, the fraction of hatchery fish in 
the population averaged less than 20% (Paraga-
mian and Ellis 1994), the only substantial contri-
bution of hatchery kokanees-about 50%-oc-
curred in 1982 (Paragamian and Ellis 1994). 
During 1987-1992, with the facility in full pro-
duction, hatchery contributions exceeded 50%. 
This enhancement may have resulted from im-
provement in postrelease survival, because release 
strategies were refined from 1986 to 1988 (IDFG, 
unpublished data). For example, the number of fish 
released increased from only several hundred thou-
sand in some years to 13 million in 1988; average 
fish size at release increased from 33 to 50 mm; 
Clark Fork River releases were timed to coincide 
with flushing flows; and open-water releases were 
implemented. Although it was not possible to de-
termine the relative contributions of these 
individual strategies, we believe the changes helped 
provide a fivefold increase in postrelease survival 
and a hatchery contribution equaling wild age-0 
production in Lake Pend Oreille. 

From 1988 to 1990, release strategies were held 
relatively constant to evaluate year effects on post-
release survival. During this period, hatchery fish 
continued to make up approximately 50% of age-0 
kokanee abundance in Lake Pend Oreille, and 
combined postrelease survival to autumn trawling 
fluctuated between 19 and 29%. Although benefits 
to age-0 kokanee abundance in Lake Pend Oreille 
were realized, long-term hatchery contributions to 
the kokanee fishery, the adult stock, and abun-
dance of naturally produced kokanees are uncer-
tain (Paragamian and Ellis 1994). 

Survival Factors 
Postrelease survival of age-0 kokanees to au-

tumn trawling (combined strategies) was correlate-
ed with mean May-October zooplankton density. 
High zooplankton densities were associated with 
warm spring air temperatures and rapid stratify- 

cation of Lake Pend Oreille. May was the most 
important month for warming of the lake, then 
June.  The highest accumulation of May degree-
days occurred during 1988 and 1992, years with 
the best survival of hatchery kokanees. In these 
years, the epilimnion extended to its greatest depth 
and thermal stratification occurred in June. Ther-
mal stratification did not occur until July during 
other study years. We predict that survival will 
likely fluctuate between 25 and 30% if optimal 
release strategies are continued. 

Although the power of our design was inade-
quate to detect differences in survival among re-
lease sites during 1988-1991, we did find that-
because of higher zooplankton densities-July re-
lease groups survived significantly better into au-
tumn than June release groups. Only a small pro-
portion of the survival difference between June 
and July releases was explained by days at large. 
Zooplankton densities and the size of Daphnia ap-
pear to be the most important factors determining 
survival of kokanees from release to autumn. Zoo-
plankton densities at the time of release explained 
the majority of variability accounted for in postre-
lease survival of kokanees. In general, July release 
strategies will maximize survival to the end of the 
first growing season. But kokanees can be released 
in June if zooplankton densities are sufficiently 
high to support survival that will meet manage-
ment goals. Densities of Diaphanosoma and Daph-
nia cladocerans were also correlated with postre-
lease survival of kokanees. From work at Odell 
Lake, Oregon, Lewis (1971, 1972) reported that 
year-class abundance of stocked kokanees was es-
tablished in their first year of life, that abundance 
was related to zooplankton density, that Daphnia 
longispina was an important food item, and that 
the best time for release was June-August during 
peak zooplankton abundance. 

Cladocerans are important food items of young 
kokanees in Lake Pend Oreille (Rieman and Falter 
1981) and in other waters (Martinez and Bergersen 
1991). Kokanee fry forage more effectively on 
slow-moving cladocerans than the faster copepods 
(Rieman and Bowler 1980). We seldom found cla-
docerans in zooplankton samples before July ex-
cept in Clark Fork River delta and Garfield Bay 
samples. Rieman and Falter (1981) found cladoc-
erans only around shorelines and embayments pri-
or to thermal stratification in Lake Pend Oreille 
during the mid-1970s. 

We found a positive relationship between mean 
length of Daphnia and the survival of stocked ko-
kanees. Kerr (1971) provided theoretical evidence 
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that feeding and growth of planktivores is more 
efficient when based on large rather than on small 
prey. Noble (1975) found that growth and survival 
of yellow perch Perca flavescens was directly re-
lated to abundance and size of Daphnia in Lake 
Oneida, New York. Hambright and Hall (1992) 
also found preferences for large Daphnia were 
high for pumpkinseeds Lepomis gibbosa and fat-
head minnows Pimephales promelas in a labora-
tory study. Size of zooplankton was also important 
to growth of yellow perch in Indian River Lakes 
in New York (Mills and Schiavone 1982). We be-
lieve high total zooplankton densities, high den-
sities of Diaphanosoma and Daphnia, and the large 
size of Daphnia contributed to higher survival of 
July-released kokanees in Lake Pend Oreille. 

Jaenicke et al. (1987) provided data suggesting 
that fry of sockeye salmon (anadromous Onco-
rhynchus nerka) in Alaskan lakes would grow and 
survive better if they were released in productive 
bays, where food production and nearshore cover 
were greater. Our 1992 release of kokanees into 
Garfield Bay, a relatively productive bay, provided 
our highest estimate of postrelease survival (43%). 
However, this release was unreplicated and the re-
sult needs validation. 

Supplementation of kokanees in Lake Pend 
Oreille has neither increased kokanee abundance 
to historical levels nor restored the fishery (Par-
agamian and Ellis 1994). Most of the factors hin-
dering restoration of the kokanee fishery are en-
vironmental and cannot be controlled directly by 
fishery managers. Simply stocking fish will not 
mitigate problems such as water level drawdown 
after spawning and the deteriorating quality of 
spawning substrates. However, age-0 hatchery ko-
kanees have contributed over 50% of age-0 fish in 
Lake Pend Oreille and may have improved the 
fishery in 1991 (Paragamian and Ellis 1994). The 
numbers of hatchery fish available to stock each 
year have been inconsistent, and only short-term 
benefits may be provided by the hatchery program 
until the environmental problems are properly ad-
dressed. 

Monitoring zooplankton populations can pro-
vide information on the best time to stock koka-
nees. Most annual releases into Lake Pend Oreille 
should occur in July to take advantage of peak 
cladoceran densities and stratified water temper-
atures. Releases should be made in June only if 
zooplankton densities are sufficiently high (at least 
24/L) to insure adequate survival of kokanees to 
meet management objectives. 
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